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THE CONSTRUCTION, REHABILITATION, AND MAINTE-
NANCE OF GRAVEL ROADS SUITABLE FOR 
MODERATE TRAFFIC 
l. INTRODUCTION 
1. Introduction.-In many localities gravel offers a possible means 
of satisfying the insistent demand for reasonably good all-weather and 
all-season roads on the secondary and outlying highways where traffic 
is comparatively light and funds are usually meager. 
During the past few years considerable study has apparently been 
devoted to the gravel road. Practically all of this study, however, 
has been directed at the problem of how to protect existing gravel 
roads from rapid destruction by excessive traffic, rather than to that 
of finding effective and economic methods of building and maintaining 
untreated gravel roads of low cost suitable for light to medium traffic. 
The immediate object, therefore, of these investigations was to 
secure reliable data concerning the methods, materials, and equipment 
best suited to the construction, rehabilitation, and maintenance of 
low cost gravel roads subjected only to moderate traffic. 
2. Acknowledgments.-These investigations were made possible 
primarily by the generosity of the Austin Manufacturing Company 
of Chicago which established two two-year fellowships in highway 
engineering at the University of Illinois and in addition furnished 
certain machinery together with funds for its care and operation. 
Vermilion County, Illinois, authorities offered every assistance to 
the work; a county road was used for the experiments, county forces 
did all of the heavy grading, ditching, and much of the hauling of 
materials, and county equipment and funds were made available for 
a considerable part of the incidental work. 
The Indiana Sand and Gravel Association donated about 1000 
cubic yards of washed gravel and aided in other ways. Newell Town-
ship supplied about 1000 cubic yards of local gravel. In addition, the 
Illinois Division of Highways, the U. S. Bureau of Public Roads, the 
National Lime Association, and the• Solvay Process Company aided 
the work in minor ·but important ways. 
The investigations were carried on as part of the regular work of 
the Engineering Experiment Station, of which DEAN M. S. KETCHUM 
is director, and the Department of Civil Engineering, of 'vhich PnoF. 
C. C. WILLIAMS was head when the work was begun and PROF. W. C. 
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HUNTINGTON was head during the completion. The writer had general· 
direction of the work, while Ma. J. E. KERANEN, Ma. A. H. FINLAY, 
and Ma. C. F. SMITH, Graduate Research Assistants under the Austin 
Fellowships, were in charge 'of the detailed operations. Much credit 
is due these three men for their ability, skill, and faithful work. 
II. TEST ROAD AND EQUIPMENT. 
3. 'J'he Road.-The road selected was a 3-mile stretch extending 
north arid south on the old Bismarck road about 6 miles ·northeast of 
Danville, Illinois.' It was on a state-aid route and therefore under the 
direct jurisdiction of the county. Its location and general features 
are shown in Fig. 1. This rqad was chosen because it combined in a 
single stretch a mile of gravel, a mile of macadam, and a mile of earth. 
It was also readily accessible at all times and the normal traffic was 
about the average of that to be expected on the class of roads to which 
th~ results of the investigation would apply. · 
4. Materials.-ln addition to the material already in place on the 
road considerable quantities of local gravel and of washed gravel were 
used. 
The local gravel was obtained from an open pit about a mile east 
of the south end of the test road. The gradation and composition of 
this grave\ are shown in Fig. 2. This material carried an excess of 
sand and a deficiency of pebbles. It seemed to lack binder, and some-
times behaved as if it contained quicksand, but when combined with 
clean pebbles it behaved fairly well. 
The washed gravel came from the plant of the Neal Gravel Com-
pany at Attica, Indiana. This material was excellent in every respect. 
Most.of it was pea gravel rangingin size from about o/i 6 to Y:i inch, as 
shown in Fig. 3, but several cars of concrete gravel (Fig. 4, Curve C) 
and two cars of "road gravel" (Fig. 3) were also used. 
5. Machinery.-The following machinery was used on the work: 
(1) An Austin 14-ton combination 3-wheel roller, scarifier, and 
blade grader (Fi~s. 5 and 6). j . . . 
(2) An Austm Pup or 4-ton combmat10n roner, scantier, and 
blade (Fig. 7) . 
(3) An Austin motor grader, using a Fordson power plant (Fig. 8). 
This machine was equipped with rubber tires, 8-ft. blade, and scarifier. 
(4) An Adams patrol grader. 
(5) An 8-ft. Adams leaning wheel blade grader with back sloper 
(Fig. 9). 
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FIG. 1. GENERAL LOCATION OF EXPERIMENTAL ROAD 
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FIG •. 3. ANALYSES OF WASHED GRAVEL AS SUPPLIED BY THE 
NEAL GRAVEL COMPANY 
azo 
GRAVEL ROADS FOR MODERATE TRAFFIC 11 
C-Sample or 
"concrere Crave!,'' 
+--+--+ as St1pplied. +---+--1 
8 
0.0 
66.0 
.J4.0 
0.013 
c 
0.0 
z.o 
98.0 
(J.047 
0 
7.7 
44..J 
<18.() 
(}.()// 
0.40 0.6t? (J.80 1.00 l.ZO /.4c? /.ocJ 
Size or Sieve Opea//?g //? Inches 
FIG. 4. COMPARATIVE ANALYSES SHOWING THE ULTIMATE COMPOSITION 
OF THE SURFACE MADE WITH A MIXTURE OF GRAVELS 
The road at this point was surfaced in October, 1926 with a 6-inch layer of gravel con-
taining 30 per cent of material A, 40 per cent of material B, and 30 per cent of material C. 
This mixture was spread directly upon an extremely poor subgrade, which had been previously 
rolled , and the gravel was compacted by rolling. This surface rendered excellent service. 
FIG. 5. REAR VIEW OF HEAVY ROLLER SHOWING BLADE RESHAPING THE ROAD 
Note the horizontal plate attached to the blade which helped level the gravel, reduced' 
chattering of the blade, and tended to compact the gravel. 
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FIG. 6. CLOSE-UP OF HEAVY ROLLER SHOWING BOTH BLADE AND SCARIFIER 
IN OPERATION 
The adjustments were such that the blade and scarifier could be used separately or both 
together and at different angles · with the horizontal. 
FIG. 7. GENERAL VIEW OF LIGHT ROLLER WITH SCARIFIER AT REAR 
- A blade attachment could be suspended in front of the front roller. 
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Frn. 8. GENERAL VIEw OF LIGHT MoToR GRADER EQUIPPED WITH FoRDSON PowER 
PLANT, RUBBER TIRES, LEANING FRONT WHEELS, 8-FOOT BLADE AND SCARIFIER 
This machine is easily operated by one man. It is excellent for spreading gravel and for 
maintenance work on the surface, but is not suited to ditching. 
Frn. 9. EIGHT-FOOT BLADE GRADER 
This type of implement pulled by a tractor is excellent for ditching and regrading work. 
It is too heavy and too expensive for maintenance operations although it will do good work . . 
The patrol grader is similar but smaller and when pulled by horses can be operated by one 
man. 
14 ILLINOIS ENGINEERING EXPERIMENT STATION 
(6) A 5-ton Holt caterpillar tractor. 
(7) Two light trucks (Fords) with a capacity of about 1 ~ cu. yd. 
(8) A 5-ton truck with dump body . 
. III. PRELIMINARY OPERATIONS 
6. Studies.-Before laying plans for actual work considerable study 
was made of gravel roads in Illinois, Wisconsin, Iowa, Minnesota, 
Indiana, Michigan, Vermont, and Maine. Roads of nearby states were 
visited, articles and reports from the other states studied, and certain 
items checked by correspondence. From this information the equip-
ment, materials, or methods which gave the greatest promise of Sl}C-
cess, or which· needed further study, were selected. 
At the same time a profile of the road was made and ·cross-sections 
were taken. Drainage features were carefully examined and all in-
formation concerning the soil, rain, floods, etc., secured. 
Complete traffic surveys were contemplated but for several reasons 
never made. Several partial counts were made at different. times 
which indicated the general character a_nd volume of the traffic. 
7. Plans.-From the information so obtained tentative plans were 
made for the work. These plans were followed as closely as possible. 
In some cases time and weather factors caused a modification and in 
others changes were made as suggested by the progress of the work .. 
Two major projects were determined upon as follows: 
(1) The construction and maintenance of a mile of gravel road, 
including the preparation of the subgrade. 
(2) The rehabilitation and maintenance of a mile of existing . 
gravel roadway built of local material .and ill a fair to poor state 
of repair. · . 
It was also originally planned to do certain work on the rehabilita-
tion and maintenance of ordinary macadam (Mile B), but conditions 
did not permit. 
IV. CONSTRUCTION OF GRAVEL ROAD-MILE A 
8. Description.-Mile A, the southernmost mile of the project, was 
an earth road in very poor condition. It contained several low places, 
was frequently overflowed, especially near the south end, and conse-
. quently was often impassable, thus compelling traffic to seek less direct 
routes over poor gravel. . 
Figure 10 shows the plan, profile, and general condition of the road 
before work on it was started. 
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9. Proposed Work.-It was obvious that the drainage had to be 
improved and the road regraded before any attempt could be made 
to gravel the surface. This offered opportunities to study the prepara-
tion of the subgrade as well as the operations of graveling. 
Figure 11 gives in diagrammatic form the original program of the 
proposed work. This program was carried out almost as shown. Due · 
to climatic and other conditions several minor changes and some shift-
ing of sections or modification of operations were necessary as the 
work progressed. 
10. Reditching.-Thc first step was to clean the culverts at A and 
B (Fig. 10) and open their channels above and below. The culvert 
at C ·was rebuilt with enlarged watcnvay and the channels were 
cleaned. 
The ditch on the west side from Sta. 0 to Sta. 10 (Fig. 10) was 
then cleaned out and deepened. The soil w.as so tough and mucky 
that work with horses was impossible and hand work too expensive. 
The most effective method with available equipment was to use a slip 
scraper pulled by the caterpillar tractor by means of a snatch line. 
This excavated the muck and carried it to the roadway where teams 
hauled it to the point needed. The spoil wa~ used to. build up the 
grade, but th~re was not sufficient material to raise the· bank enough 
to prevent overflow across the road. · 
The county authorities also decided to open the cast ditch through 
the hump between Sta. 17. and Sta. 34 in an attempt to relieve the 
overflow condition centering at Sta. 36. This called for a very deep 
ditch (about 6 feet at the deepest) which was dangerous to traffic 
and which did not prove very effective. The spoil was used to build 
up the grade against overflow but there was not enough earth to make 
the grade high enough by at least a foot. The opening and rebuilding 
of the inlets at Sta. 36 + 30 was much more effective in curing the 
conditions there. 
The rest of .the side ditches were straightened and brought to shape 
in the regrading. · 
11. Regrading.-The entire mile was regraded to a standard width 
of 26 ft. between shoulder lines. This work was done principally with 
the 8-ft. grader pulled by the caterpillar. .The light roller was used 
to scarify some very hard places ·and to compact thin layers, while 
the heavy roller was used to-compact the heavier filling. The motor 
grader was used in the finishing work. The hump between Sta:. 54 and 
Sta. 57 was cut down a foot or more to fill in the eroded area on the 
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. 
' west side. It was here that the scarifier for loosenfog the soil and the 
heavy roller for compacting were used. ' 
The road was finished to the desired crown, and then maintained 
in this con'dition almost wholly by means of the motor grader. An 
ordinary drag furnished by Ne.well township was used when. the sur-
face was too soft for the grader. 
12. Final· Preparation of Subgrade.-The preparation. immediately 
preceding graveling consisted of making the surface as true and firm. 
as possible. Ruts were often cut when hauling the gravel over the 
road, and at times the gravel was not placed on as smooth a surface 
as desired. In· sqme cases only dragging or blading was used and in 
other~ the light roller was employed. 
13. Curing Mudholes.-Several mudholes developed, due prin" 
cipally to the interference of the gravel piles with surface drainage. 
These places dried slowly and when dry were.rough and full of ruts'. 
They were cured in the following manner: 
One afternoon, following a rain, the free water was drained from 
the areas by means of small transverse ditches cut with pick and 
shovel. The next morning the grader was ineffective, but it was found 
that the light roller could be run over the spot, squeezing down the 
soft soil and ironing out the ruts. Two or three passes of the roller 
caused the soil tci become too plastic to support the roller, but after 
waiting an hour or two several more passes could be made. By night 
the mudholes were firm enough to support ordinary automobiles, with 
· scarcely an indentation, and by the next morning it was possible to 
trim the surface with the motor grader, and to spread the first course 
of gravel. 
14. Lime as a Soil Stabilizer.-Hydrated Ii.me has often been sug-
gested as a stabilizer for mucky or gummy soils. It is thought that 
the lime tends to flocculate the extremely fine or "colloidal" clay in 
the soil, thus making it more granular and less plastic. A number of 
experiments have been made on earth roads at various places to 
demonstrate this theory and all have apparently been successful. The 
process has therefore been suggested as a method of preparing sub-
grades in such soils to receive pavements or other types of surfaces. 
In order to .test the effectiveness of lime treatments, two stretches 
each about 100 feet long in Section A2 near Stations 9 and 12 were 
accordingly treated as recommended by the National Lime Associa-
tion. The soil was scarified to a depth of about 6 inches and pulver-
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. . 
ized with a farm disk. About 3¥2 pounds per square yard of com-
mercial hydrated lime were then spread on the surface and disked 
irito the soil. The surface \vas then shaped with the motor grader 
and. rolled with the light roller. 
These two sections were undoubtedly superior to, the adjacent 
untreated sections in resistance to water and to traffic. The soil did 
not become as muddy during wet weather and dried up more quickly 
wheri the rain stopped. Ruts were not cut as deeply by the traffic 
when the soil was wet, nor did dust form as readily when. it was dry. 
The surface was easily worked with the drag or blade and conse-
quently was easily prepared to receive the gravel.. 
Unfortunately, after the gravel had been applied i£ was impossible 
to determine whether or not there had been any permanent or ·appre-
ciable benefit from the liming, because the entire Section A2 stood up 
so well after graveling, at I.east for the year or more it was under ob:. 
servation, that there were no means of distinguishing the treated from 
the untreated sections~ The experiments with lime ·were, therefore, 
inconclusive both from the standpoint of effectiveness and of the eco-
nomic value of the treatment. 
15. Type and Method of Graveling .-After carefully considering 
work elsewhere it was decided to use only the feather-edge type of 
construction, in which the gravel is placed on top of a flat crowned 
subgrade without the use of a trench or supporting shoulders, and 
permitted to feather out to a thin edge. It was also decided to place 
most of the gravel by dumping it in piles at the edge of the traveled 
way and then working it into place with the blade grader or motor 
grader. This. is sometimes called the Iowa method. This permitted 
the gravel to be spread in any number of successive increments or 
layers as desired. 
16. Width and Thickness of Gravel.-A study of traffic conditions 
indicated that for the most part only a single track roadway would 
be necessary. On the other hand, passing of vehicles at times became 
too frequent for convenience although not frequent enough to demand 
a double lane. Also, due to the softness of the shoulder in wet weather, 
reasonable convenience in passing was imperative for safety. It was 
therefore decided to piake the graveled way with an overall width of 
about 16 ft. Such width would provide full support for normal traffic 
in the center and also provide fair support at.the edges for passing. 
Any damage done to the thin edge could be repaired by the mainte-
nance operations at less cost than' that required to give full depth of 
gravel for a two-lane width. 
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. A study· of adjacent roads and the character of the traffic led to 
the conclusion that, at least at first; a inaxinmm compacted thickness 
of 6 in. would be ample. The cross-section would thus be essentially 
a parabolic' segment 16 ft. wide and 6 in. thick: This gives a com-
pacted volume of about 1040 cu. yd. per mile requiring approximately 
1250 cu. yd. of loose .material. Approximately this. quantity was. 
placed, although the depth. was not kept constant at 6 in. 
17. Hauling Gravel.-The hauling of the gravel proved to be .t4e 
item of construction· which required the most time and involved the 
greatest expense. Neither. the preparation of the roadway to receive 
the gravel nor the spreading and compacting of the gravel were at all 
comparable with the hauling with respect to cost or time required. 
This is a fact which must never_ b.e overlooked if delay and extra cost 
in building a gravel road are to be avoided. 
In this case, the county undertook to haul the gravel with two 
1 ~-yd, trucks. Since about 1250 cu. yd. of gravel were to be hauled 
·to Mile A about 1000 trips would be required. At the maximum pos-
sible rate of operation this meant about 60 days of continuous hauling. 
Weather conditions naturally cai.ISed some delay, several hundred 
yards of gravel had to be placed O!l Mi.le c, apd the trucks could not 
be assigned permanently to the work on· account of roadvvork else-
where in the county; hence the haulage r~te' to. Mile A was greatly 
reduced. The Illinois Divisio~ of Highways came .to the rescue with 
a 5-ton dump truck which was used for hauling a large amount of 
the local gravel. Even at this, the greater part of a year elapsed 
. . ' 
before all of the gravel was delivered ... This fact accounted for the 
.delay in finishing Mile A, occasioned some.· of the 'changes in the pro-
gram, and prevented the complete c~nsummation of . some of the 
studies in the available time. ·. · 
., 
Lath stakes were driven at intervals to indica.te the line· and keep 
the roadway straight. The loads were spotted to give .the necessary 
amount of gravel when distributed. Where only one kind of gravel 
was used all of it was placed on one side of ,the.road. Wh.ere hvo 
materials were to be mixed they were placed in alternate piles on the 
same side. Where two materials were to be placed in separate layers 
on top of each other they were placed on opposite sides of the road-
way. The center of the piles was placed about two feet inside of the 
outer edge of the finished graveled 'way. · 
18. Spreading Gravel.-For the most part, the gravel was spread 
with the motor grader~ . A small part was spread with the large blade, 
but the small one-man outfit was so superior from the standpoint of 
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efficiency and cost that it was used almost exclusively. Also, a small 
amount was dumped directly in the middle of the roadway and spread 
· with the blade. 
In 'spreading the gravel a cut' was made fr~m the piles with the 
. \ 
point of the blade taking as much as the blade would carry. This 
. was bladed across the road to the far edge of the graveled way and 
followed . by successive cuts until a layer of desired thickness and 
·width was built up. Traffic, aided by occasional blading, soon com-
pacted the, first layer of gravel, whereupon another layer was added 
in the same way. 
Through this process the gravel was thoroughly mixed and spread 
in a thin uniform layer. The shallow depth of loose gravel at ea.ch 
application offered little obstruction to traffic, and enabled the entire 
gravel bed to compact thoroughly and uniformly from the bottom. 
By using the motor grader only one man was required, and he could 
give a blading or apply a layer of gravel when·needed, with little delay 
and at low cost. 
Normally 3 or 4 round trips were required to spread a lYz-in. to 
2-in. layer of gravel, and the machine would average approximately 
2 miles per· hour. in low gear, including turns and delays. One man 
on this outfit could, therefore, usually spread a layer of gravel over 
the entire mile in a half day or less. · · · 1 
Dufing each of the operations careful observations were made of 
the behavior of the subgrade, the gravel, and the equipment. Rates 
of progress were recorded as were any items which seemed to affect 
the rapidity or cost of the work. . 
Construction merged imperceptibly into maintenance. No sharp 
division between construction .and maintenance can be made with this 
type of construction. Moreover, parts of the road received all of the 
gravel a}lotted to them before othe~ parts did, and therefore, different 
stages of progress existed at th'e same time on different parts of the 
road. Consequently, the end of construction and the. beginning of 
maintenance, consider~ng the road as a whole, could not be separated; 
The same round of the grader might do maintenance work on one sec-
tion, spread gravel on another, and smooth the subgrade. on another. 
v. REHABILITATION OF GRAVEL ROAD-MILE c 
19. Description.-Mile C is the northernmost mile. . Its general 
plan,. profile, and conditions arc shown in Fig. 10. The gravel surface 
was about 16 feet wide and made of local bank-run gravels from sev-
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Fm. 13. REVISED SCHEDULE OF NEW SURFACING MATERIAL ON MILE C 
eral different pits. It had been constructed by the old-time method 
of dumping gravel from wagons, raking the piles together, and letting 
t~affic compact it. Much _of it possessed fair depth of gravel and 
through long service was fairly smooth. Some stretches had been 
recently patched in the same fashion and were very rough. General 
lack of care during the last few years had permitted the ditches· to 
. fill· up, the culverts to become obstructed, and. the surface to get into 
bad condition due to ruts, soft spots, and overflows during heavy rains. 
The ·gravel was not all alike so that th-ere was considerable difference 
in the character Of the surface at various points . 
. 20. Proposed Work.-A tentative scheme of treatment was outlined 
as part of the original plan as shown in Fig. 12. This general scheme 
was followed quite closely, but a revised schedule of treatment, as 
shown in Fig. 13, was later a_dopted an.d carried out during the sum-
mer of 1926. 
Although it ·seemed quite evident that regrading the ditches and 
othenvise improving the drainage condition should be the first work 
it was decided not do this at once but to start work on the surface. 
This was due partly to expediency and partly to see what could be 
done on a gravel surface under adverse drainage conditions. 
21. First Grading Work.-The first work was done from May 26 
to 28, 1925, when the south half of Mile C was scarified and reshaped, 
using the big Austin roller (see Figs. 5 and 6). 
Two general methods were tried. First, the roller was driven down 
the center of the road, scarifying deeply. Then a more shallow cut 
was made at each side, the blade at the rear being used to spread the 
gravel, reduce the ·crown, and thicken the surface towards the sides. 
Three cuts thus reshaped. the surface fairly well. Part of the loosened 
gravel was then rolled and part left for traffic to compact. 
In the second method four cuts, or two round trips, were· made, 
working each way from the center line. Agairi part was rolled. There 
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seemed to be little difference in the results by the two methods, leaving 
a slight advantage for the first method because it required lesswork. 
These operations were quite effective· in reshaping the crown and 
in eliminating bumps. Section Cl had been patched during the pre-
vious. year and every wagon load of gravel was still evident. This 
first grading work rid the road of practically all such bumps. The 
rolling did not seem to recompact the road thoroughly. It merely . 
served to partially consolidate the surface so that the first wheels did 
not cut into the foose graveI; and hence the surface became solid 
sooner than when unroll.ed .. It also required less work immediately 
to prevent ruts from developing. The advantages derived from rolling. 
do not seem enough to justify the importing of a roller for this pur-
pose only, but, on the other hand, if a roller is available, it is worth 
the time and other expense to give the surface. a rolling. One passage 
entirely over the surface with the big roller seemed sufficient, as addi-
tional rolling helped but little. 
22. Second Grading TV ork.-During June, 1925, practically all of 
the surface of the remainder of Mile C was regraded. The Pup was 
used on part of it and the motor grader on part. All of this work 
was very effective' and several valuable things were learned concerning 
the different pieces of equipment and their use. 
23. First Application of New Gravel.-The services of the graduate 
research assistant's were not available during July and August, 1925. 
At this time the county forces were busy grading Mile A and on other 
county work; therefore, only a little work could be done on Mile C. 
It was, however, decided to try some light surfacing. 
For this purpose two cars of gravel were obtained. On.e contained 
about 40 cu. yd. of pea gravel. About 10 cu. yd. of this was stored 
for use on Mile B but was later transferred to Mile A, About 5 cu. yd. 
was stored for use on Mile 'c opposite Section C7. The remainder 
-\vas used for surfacing. The other car c'ontained about 33 cu. yd. of 
well-graded 74-in.· to 1 %-in. concrete gravel. About 8 cu. yd. of this 
was used on Mile A and the remainder spread on Mile C. 
The space chosen for the surfacing was in the north half of Sec-
tion C6 and the south half of Section C7. At this location the old 
gravel was very fine and powdery. In dry. weather dust would form 
two or three. inches deep, while in rainy weather· a sloppy mud about 
as deep would result.. 
The surface was first trued up with the motor grader. About 300 
feet was covered with pea gravel to a depth of 1 inch giving one cu. yd. 
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to each 36 sq. yd. or one yard about every 20 lin. ft. An additional 
300 feet received about% .as-much, or one yard every 30 feet. This 
material was spread with shovels as uniformly as possible. Similar 
sections were covered with concrete gravel. They were shorter, since 
the coarser gravel could not be spread as thin as the pea gravel. 
At the time the gravel was placed (about July 20, 1925) the road . 
was very dry. A few days previously State Route No. 1 (see Fig. 1) 
was closed for repairs and the traffic detoured through Bismarck -\vhich 
brought it over the experimental section. One 'f.hursday the traffic 
between 9. and .11 o'clock in the morning ave~aged 65 vehicles per hour . 
and between 2 and 4 o'clock 80 vehicles per hour. The total for 24 
hours probably averaged about 40 vehicles per hour or about 1000 
per day. On Saturdays and Sundays this increased at least 50 per 
cent, although no exact count was made. This excessive traffic lasted 
for about a month, when the number dropped to about 200 or less 
per day in the summer. 
These sections were 'carefully watched during the following year 
and a record was kept of all maintenance work done on them. It was 
soon evident that the pea gravel was standing up better and making 
a bett_er surface than the coarse gravel. With the .dry road, the pea 
gravel seemed to unite with the dust and form a layer that was not 
easily displaced. A light blading once a week kept it in good con-
dition. A good rain combined with a blading put this stretch into fine 
condition, and for almost a year the part with a 1-in. layer of pea 
gravel stood out· conspicuously as the best section on the whole road. 
The lighter application did not last quite so well. 
The section treated with coarse gravel did not knit together when 
the road was dry but remained loose and shifting. With the coming 
of rain it solidified but was difficult to keep smooth, the l.arge pebbles 
raveling out. At no time did it compare with the pea gravel. It 
should be remembered, however, that this was the behavior of coarse 
gravel used on the surface. Its behavior as a base course is considered 
in connectio~ with Mile A. This section was ultimately covered with 
pea gravel witli excellent results. 
24. Fall TV ark, 1925.-Beginning in September, 1925, intensive 
work was started in preparation for winter. No new material was 
added to Mile C, but the surface was carefully maintained. Wher-
ever the surface was rough or bumpy it was scarified and reshaped. 
Part was rerolled and part left for traffic to compact. ·Culverts were 
·examined and cleaned in so far as possible and ditch outlets opened. 
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Most of the surfacing work was done with the motor grader, some 
with the Pup, some \vith the heavy roller, and a little with a horse-
drawn one-man grader. Careful observations were inade of the be-
havior of the road and the equipment in each operation. 
By the time freezing weather came Mile C was in as good condi-
tion as could be secured without the addition of new material and 
without regrading the ·ditches and providing some additional drainage 
features. 
25. Winter Work, 1925-26.-lt was the belief that, contrary to 
usual practice, effective maintenance work could be done during the 
winter. Consequently, the road was carefully observed at least twice 
a week throughout the winter months. With the road thoroughly 
frozen, traffic did little damage to it and maintenance work was neither 
needed nor possible. A slight thaw, however, would be the .occasion 
for ruts to start. ·These were promptly stopped by means of the blade. 
For this purpose there was nothing superior to the motor grader .. In . 
this manner ruts were not permitted to develop and the road remained 
in good condition at all times. This work abundantly demonstrated 
the merit of winter surface work whenever partial thawing occurs. 
26. Spring Work During Thaw, 1926.-The time of the general 
thaw in the spring is a critical o.ne for gravel roads. The subgrade is 
soft and saturated and the gravel surface is likewise loosened and 
full of water; consequently, traffic is very likely to damage the road 
seriously. It was thought that much might be done to relieve this 
condition by careful attention to the road at this time. 
The road was carefully watched and as soon as ruts began to ap-
pear they were bladed full. The shoulders were dragged so that the 
water got away quickly. The motor grader was used almost daily 
at the critical time. The results justified the effort and verified the 
expectations. With the exception of a few places where the gravel 
was too thin and several places where the drainage was very bad, 
the road came through in excellent condition and even these places 
were bad only by comparison. 
In contrast, the .mile to the north of Mile C which was under 
observation but on which no work was done was in very bad condition. 
Deep ruts were cut. In some places they \vent entirely through the 
gravel, and where the drainage was poor the road was all but im-
passable .. The experim~ntal mile stood out conspicuously among the 
roads for miles around for its good condition. 
26 ILLINOIS ENQINEERING EXPERIMENT STATH)N 
27. Program for 1926.-"'--As previously stated, it was apparent that 
the drainage of the road needed improvement b·ut the surface 
work was undertaken to demonstrate just how effective such work 
could be under adverse conditions. Although the results obtained were 
even better than expected it was clearly evident that three things were 
needed to put the road into satisfactory condition: first, the ditches 
needed regrading and the drainage otherwise required improvement; 
second, the surface needed reinforcing in several places by increasing 
the depth of gravel; and third, practically the entire mile would be 
improved by light surfacing to ·stabilize the surface. The working 
program, therefore, called for these operations. Arrangements were 
also made to have one of the research assistants on duty all summer 
so that there. would:be no interruption· in the .work. 
·2s. Regrading.-The first step was to regrade the ditches. This 
was no small task. In some places the old ditches were so silted up 
and so full of weeds and sod that it· was almost like grading a new 
road. At the- same time -th~ right of way· and the graaed way were 
both so narrow that it was a problem how to dispose of the sod and 
dirt without contaminating the graveL By dint of perseverance an.d 
ingenuity the problem was solved in most cases by throwing the sod 
to\va.rds the fence~ The· net result '\vas a \vell-graded roadway about 
. 24 'ft. wide with fairly good ditches on each_•side. 
Iri the spring of 1926 the water had crossed the road just north of 
culvert Kand washed out the gra~el, making abad hole. This culvert 
was found t~ be b~dly clogged and in 'poor condition. It was cleared 
but not rebuilt. The old wooden culyert at J was so badly caved in 
that only rebuilding would suffice, but. since no funds were available 
the ditch on the east side was graded deep enough to permit an outfall 
through culvert K. . Culvert K \vas foo small for this combined duty, 
and water overflowed the road again in.the spring of 1927,· but did little 
damage. On the whole, by the fall of 1926 the road was in ~uch a 
condition that trouble with_ drainage during the winter was anticipated 
at· only two or three points. Mile B was regraded at the same time. 
29. Placing New Material.-While the grading was being done a 
schedule was made out for the placing of new material. As soon as 
the grading was completed the hauling ofmateiials was started. The 
gravel was dumped in piles along the edge of the graveled way, the 
same as on Mile A,· and distributed with the II].Ofur grader. Figure 13 , 
shows the amount of material to be placed on each· section. For the 
most part only about 1 to lY:i inches of fresh materia1 were spi:ead 
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at a time,' leaving sufficient intervals for each lay.er to compact. before 
placing the next. A few sections were heavily covered immediately, 
as shown il,l Fig~ 13, in order to make a comparison of the effectiveness 
of the two methods. 
Owing to the fact that the hauling equipment was limited and 
work was in progress on Mile A, the delivery of materials was rather 
slow. Nevertheless, the schedule was ·completed except that all of 
the material was not distributed on Sections C7 and CS before cold 
weather. This material remained in piles throughout the winter but 
did not interfere with traffic, drainage, or maintenance work. 
30. Winter TV ork, 1926-27.-General winter work, 1926-27, was 
the same as during the prec:cding winter. The surface was caref~lly 
watched and bladed whenever a partial thaw made it possible. Like-
wise at the final· thaw special care was taken to keep ruts and holes 
· filled. 
Twice in early spring water crossed the road near.ci.ilverts I and K 
and washed out considerable ·gravel. These holes were speedily fixed. 
At no time was the road out of service, and the general results were 
as expected. Again ~ile C was by far the best graveled road in the 
vicinity. By improving the drainage many of the troubles of .the pre-
ceding year were overcome and by the addition of gravel most of the 
rest were corrected. Larger culvert capacity at I and K would have 
made the road come through the winter in almost pe~fed c.onditi~n. 
The unworked mile to the north was impassable a number. ()f .times 
for intervals of. several days. Considerable traffic, however, reached 
the experimental road at the no~th end f~~m the east over a township 
road in fair condition; · consequently, it was not idle d1:1ring th~se 
critical pe.riods, but received enough traffic to give it a test.. At .the 
low point the number of vehicles passing per day was b~tw~en 50 
and 60, principally farm wagons and ordinary automobiles;. 'yith an 
occasional truck such as a gasoline tank truck. 
31. End of Work on Road.-Tentative plans .were made for some 
intensive work during the spring and early summer ·of 1927. ·Owing. 
to political situations which arose in the county at the spring elections 
only a small amount of work was p~ssible, and active operations there~ 
fore ceased July 1, 1927, with the expiration of the Austin Fellow.ships. 
Since that time occasional observations have been ·made on the road, 
but little work of any kind has been done, due to the new policy of 
the County Board of Supervisors. · 
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VI.. COMPOSITION OF GRAVEL ROADS 
32. Analyses of Road Samples.-Although gravels of all kinds have 
been used for many yea~s there appears to be little or no definite in-
formation as to the bes.t composition or gradation of material for road 
use. Specifications for.road gravel seem to be based altogether on in-
formation obtained for purposes other than road building, instead of 
on analyses of those gravels, taken directly from the road, which have 
proved their quality and characteristics, No reports of such analyses 
were available although correspondence was conducted with a number 
of states having large mileages of gravel road. In one or .two instances 
it was reported that such tests ~vere proposed or contemplated but no 
actual results could be obtained. To supply some information of this 
kind a nuinber of samples were taken from the road. They were cut 
out by means of pick and shovel, about 25 pounds being takeri from 
each hole. Record was kept of the location of each sample and of the 
behavior of that section of road. 
These samples were first submitted to the silt test and then to 
sieve analysis. The material smaller than ~ inch was termed sand 
and its mean effective diameter was determined. Figures 14 to 16 
show the results of these tests, together with the observations made 
on the character of the roadway. A study of these data gives some 
interesting information. First, every sample taken from the road 
had a large amount of silt or binder, much more than is usually 
recommended or permitted by specifications. Comparison with· tests 
of the fresh gravels indicates that the amount of silt in the road in-
creases with age, probably due to '\Vear on the particles or to silt being 
carried onto the road by water, traffic, or maintenance operations. 
The maximum amount allowed by specifications should therefore be 
well under the maximum amount likely to develop. Second, every 
sample shows a large excess of fine sand. Probably the original 
amount has been augmented by wear of the particles. Third, the 
amount of coarse material or pebbles is norm~lly quite low. This is 
a normal defect of bank-run materials. Since observation showed that 
the sectfons containing the larger amounts of pebbles, other things 
being equal, formed the best surface, the possibility of improving 
bank-run gravels by the addition of screened gravel is indic~ted. This 
f~ct is established by other operations on the experimental road .. 
Fourth, in many respects the roads under observation might more 
properly have been termed sand-clay roads in which a limited amount 
of gravel was embedded. However, observation showed that the pres-
ence of as little as 10 per cent of pebbles greatly improved the stability 
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F'ra. 14. ANALYSES OF MATERIAL FROM SECTION CS SHff\VING CHAJ:'GE OF COMPOS!-
. TION DUE TO A SURFACE APPLICATION OF PEA GRAVEL 
In September, 1926, the road at this point had received a 4-inch application of pea gravel. 
It will be seen therefore that curve C is in effect a combination of curves A and B. 
of the surface. Taken altogether these tests show. that the gradation 
and silt content of road gravels may vary over quite a wide range 
and yet reasonably satisfactory results under moderate traffic may 
be obtained. 
Figure 17 shows the composition of some natural sand~clay or 
"top soil" roads in Georgia. Note the similarity between the sample· 
. from one of the best sections on Mile C (Fig. 16) and that from 
Glenwood, Georgia (Fig. 17), which also formed a good road . 
. 33. Gradation and Drainage.-lt has been frequently noticed that 
certain sections of gravel roads drain off and dry out much quicker 
than others. It has usually been assumed that this was due to sub-
grade or soil conditions. Certain indications on the test road led to 
the conclusion that the gradation of the gravel and the percentage of 
silt had a considerable influence on this phenomenon. 
It seems quit~ evident that a gravel road is .not a water-proof or 
impervious surface, but that a greater or less amount of the water 
falling on the surface penetrates the gravel and. drains away by perco-
lation. It is believed that the conditions on a feather-edge road are 
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Frn. 15. COMPARATIVE ANALYSES OF TYPICAL SAMPLES OF RoAD GRAVEL AND oF 
· SURFACE MATERIAL AS TAKEN FROM THE ROAD 
Note the difference in mnount of fin~ material contained in the favo samples, and also 
the relative silt contents. 
as illustrated in Fig: 18. Water falling on the surface penetrates the 
gravel to the subgrade. If the rate of rainfall is greater than the rate 
that the water can pass through the gravel, the gravel becomes sat-
urated and the excess water is shed to the sides due to the crown of the 
road; If the subgrade is pervious, the water penetrating the. gravel 
passes on down. If impervious, the water is deflected laterally and 
percolates out at the edge oL the gravel. When the rain stops, the 
water in the gravel continues to flow out. With a pervious subgrade 
the entire gravel course dries practically simultaneously, while with 
the impervious subgrade the center dries quickly while the edges· 
remain wet for some time .due to the water percolating to the sides, 
This theory explains why many gravels behave differently when 
u~ed in trench .construction in heavy soils, where lateral flow is pre-
vented by the side of the trench, than when used in feather-edge con-
struction where lateral flmv can take place. It also indicates a factor 
.contributing to the change of behavior of some gravels when the top 
is rendered water-proof by a treatment with bituminous material. It 
~lso explains wh:y differences in. gradation affect the rate ~f drying. 
;-
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The rapidity with which \vater passes through sand is a function of 
the gradation of size of particles. Experiments with sand filters indi-
cate that this ·rate of flow varies with the square of the "mean effective 
diameter," this diameter being defined as a size such that 10 per cent 
of the material by weight is smaller and 90 per cent larger. 
In order to test this latter hypothesis ·the mean effective diameter 
of the sand smaller than 1;4 in. screened from the samples of gravel 
taken from the road was determined: Each section of road where a 
sample was taken was carefully watched after several rains to note 
its beh~vior and rapidity of drying out. Of course it was quite im-
possible to set up even an approximate mathematical relation .between 
mean effective diameter and time of drying because of the indefinite-
ness in determining when the road .'was dry and also because. varia-
tions iri the amount rind .kind· of·binder (silt) must be expected to 
have some effect .. It seemed quite evident, however, that there is· a 
relationship between size and gradation of. particles and the rate of 
drying, which is indicated by the general behavior shown in Fig. 18. 
It seemed too that a gravel containing ·a. sand whose mean. effective 
diameter was less than about 0.005 inch was likely to be objectionably 
slow in reaching a reasonable state of dryness. No upper limit could 
be estimated from the data at hand. 
VII. SUMMARY OF CONDITIONS AND OPERATIONS ON TEST ROAD 
34. JIJile_A, April, 1925.-This was an earth road in very bad con-
dition. Culverts were. partially silted, ditches 'Vere filled up, and the 
drainage ditch was shallow. Sections Al, A2, and A6 'vere flooded 
regularly during heavy rains. Section. A6 was badly eroded near the 
north end and there were ·several mudholes, especially in Sections Al 
and A6. The road was impassable most of the winter and spring. 
35. Mile C, April, 1925.-This was a gravel road of b~nk-run 
• gravel. The ditches were filled up and the culverts clOgged .. The 
road was overflowed at culverts I, J, and K arid also at times near the 
middle of Section Cl. Part of the surface was in fair condition, espe-
cially at Sections C4. and C5. Sections Cl and C2 were badly rutted, 
with the gravel cut through, and with sorrie indications of corrugations. 
The gravel on Sections C6 and· C7 was very fine, cutting to dust or 
mud. Most of the mile had an excessive crown, except parts of Sec-
tions Cl and C2 which had .been patched where the crown was irreg-
ular and flat. · 
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FIG. 16. ANALYSES OF MATERIAL TAKEN DIRECTLY FROM EXPERIMENTAL ROAD· 
(COMPARE WITH FIG. 17) . 
(See notes on. opposite page) 
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FIG. 16 
A-S:imple from top 2 inches of surface at Sta. 120 + 00, 
Sec. C3. The road at this point withstood very well sudden 
breakup due to rise of temperature from -10 deg. F. to + 40 
deg. F. Side ditches were good, being at least 2 ft. 6 in. below 
crown. Crown was approximately 1 :16. There was no serious 
rutting despite the fact that the earth subgrade was ·within 4 
inches of surface (Jan. 4, 1926). 
B-Sample from top 2 inches of road at junction of Secs. 
C4 and C5. This top dressing is resting upon an exceptionally 
firm base, a sample of which is analyzed also (Curve C). Tiie 
road at this point was in fai~ condition (March 17, 1926). 
C-Sample taken from bottom 2 inches of road at junction 
of Secs .. C4 and C5. Road was in fair -condition with very 
solid base, from \Vhich this sample was taken (March 17, 1926). 
D-Sample from surface of road 100 feet north of junction 
of Secs. C5 and C6. Road at this point showed considerable 
rutting (March 17, 1926). 
E-Sample from top 3 inches of road surface at ·junction of 
Secs. C6 and C7. Road was in fair condition after sudden 
breakup (Jan. 4, 1926). 
F-Sample from lower 3 inches of a 6-in. layer of road sur-
face at junction of Secs. C6 and C7. Road was in fair condi-
tion after sudden breakup (Jan. 4, 1926). 
G-Sample from middle of Sec. CS, Feb. 7, 1927. Road 
was in fair condition after breakup. This section had been 
surfaced with pea gravel in 1926. 
H-Sample from center of Sec. CS. Road was badly rutted 
after sudden breakup (Jan. 4, 1926). Compare with Curve G. 
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Fm. 17. ANALYSES OF MATERIAL TAKEN FROM NATURAL SAND-CLAY OR "ToP SOIL" 
RoAos rn GEORGIA (COMPARE WITH Fm. 16) 
A-From road under construction 
B-From new section recently sCarified G-From section having light traffic for 8 months D-From new section 3 miles south of Glenwood 
36. Mile A, October, 1925.-This road was entfrely regraded. Cul-
verts were clear~d. and a new culvert was placed at D and. at the 
farm entrance at Station 43 + 20. The drainage ditch was deepened 
and catch basins at Station 36 + 30 were filled. .In general, it was 
a well-graded road in fair condition for a newly graded road. 
37. Mile C, October, 1925.-Most of the mile was scarified and 
regraded with revised crown. A thin application of pea gravel was 
placed on parts of Sections C6 and C7, and some coarse gravel was 
applied to part of Section C6. In general the surface was in fair 
. condition. 
38. Mile A, April, 1926.-The winter had been rather hard on the 
road. Sections Al and A2 had been overflowed and cut into mudholes 
while flooded. . Section A6 had been partly flooded and the. ditches 
had been badly silted. The water had crossed the road near Stations 
2 and 8 and started erosion. The road had been passable all winter, 
but was pretty bad at times. It showed need of larger· culverts at A 
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and B and higher grade at Sections Al, A2, and A6. Maintenance 
had been done whenever a partial thaw occurred. 
39. Mile C, April, 1926.-The surface was in fair condition. Water 
had crossed the road at the old points and washed out considerable 
gravel. Sections 01 and 02 had rutted considerably and a mudhole 
had started. The road had been usable all winter, and in far better 
condition than adjacent roads. Maintenance work was done when-
ever a partial thaw occ1-1rred. The motor grader was the most effec-
tive implement.· 
40, J.Wile A, October, 1926.-The road had been regraded as needed, 
and a large ditch was cut through the hump on the east side betwe~n 
Stations 17 and 34 to help relieve the drainage. Most of the gravel 
for the surfacing had been hauled and much of it spread. The entire 
mile had re~eived at least part of the gravel that was to be placed, 
~rid several sections were well compacted. The work was progressing 
slowly but with promis~ of practical completion before winter. 
41. Mile C, October, 1926.-The ditches and shoulders had been 
entirely regraded. The culverts had been opened and· a r~lief ditch . 
cut on the east side between culverts J and K. A larger culvert was 
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FIG. 19. SECTION A2, SEPTEMBER, 1926 
Sliowing soft spot of mudhole a fter water had been drained 
off by cross channels. 
badly needed at I. It had been intended to cut a relief ditch on the 
east side for this culvert but the grader was needed elsewhere so this 
work was not done. Gravel for surfacing as scheduled had been 
hauled. Mo t of it was spread and much of it compacted. Main-
tenance work was being done regularly and gravel added as fast as 
it would consolidate. The surface was in good condition, and the 
drainage in as good condition a po sible without the needed culverts. 
etc. Samples of gravel from the road had been taken and analyzed. 
Some tendency to corrugate had been noted in Section Cl in wet 
weather under summer traffic. 
42. Mile A, April, 1927.-All except about 100 cu. yd. of the gravel 
had been placed early in the winter. Where this material was lacking 
the road was cut up somewhat. In Section 6, where the soil was poor, 
and bank-run material had been used, both alone and in combination 
with some coarse gravel, ruts had also formed. Sections Al and A2 
had been flooded and some of the gravel had washed out. Through-
out the winter maintenance work had been done whenever the weather 
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FIG. 20. SECTION Al, SEPTEMBER, 1926 
Rolling mudhole similar to that in Fig. 19. Two or three 
passes of the roller could be made before the soil became too 
plastic to support the roller. After a wait of an hour or two the 
spot could be rolled again. 
• 
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permitted. Ruts and holes were kept filled. The road was usable 
every day of the winter, the heaviest loads being oil trucks and a 
3-ton truck which made several trip a day hauling railroad ties. 
43. Mile C, April, 1927.-All of the gravel had not been placed 
and a little trouble had been experienced near culverts I and K where 
water had crossed the road and washed out ome gravel. Maintenance 
work had been done all winter as on Mile A with the result that th~ 
road was u ed every day by the same traffic as on Mile A. It was 
in better condition as a whole than Mile A, as might be expected. 
ome corrugation bowed in Section Cl during the thaw time in the 
pring, but were removed by scarifying. This mile was by far the 
be t mile of gravel in the vicinity. 
44. MiJ,e A, October, . 1927.-Little work was done after April 1, 
and all work under the direction of the University of Illinois stopped 
on July 1. Observation in October indicated that practically no work 
had been done by anyone else. The remainder of the gravel had not 
• 
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Frn. 21. SECTION A2, SEPTEMBER, 1926 
The same mudhole shown in Fig. 19 partially rolled. After rolling several times at intervals 
of one to two hours the soil became firm enough to support ordinary automobiles without much depression, and by the next morning gravel could be distributed with the motor grader. 
FIG. 22. SECTION A2, OCTOBER, 1926 
The aame location as shown in Fig. 19 about three weeks later, after the gravel had been spread. The breakup shown in Fig. 28 is just north of the mudhole shown in ·Figs. 19 and 21. 
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FIG. 23. SECTION A7, MAY, 1928 
Erosion in the west shoulder caused by the lack of a fann entrance culvert opposite, 
which deflected the water from the east ditch across the road. A culvert was built but it was 
placed too high and did not entirely relieve the overflow, but no further erosion occurred. 
FIG. 24. SECTION A8, JUNE, 1926 
ubgrade with stakes to guide the first application of gravel. The gravel piles on the 
right were placed too far away from the center line, with the result shown in Fig. 26. 
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FIG. 25. SECTION A8, JUNE, 1926 
Spreading the first course of bank-run gravel. Note the large stones. These should be thrown out or else covered with not less than two inches of good gravel of not more than I-inch size. 
FIG. 26. SECTION A8, JUNE, 1926 
Note the crooked windrows of gravel due to placing the piles too far from the center line. It is troublesome and expensive to correct this kind of a mistake. 
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FIG. 27. SECTION A4, JANUARY, 1927 
Filling ruts by hand in winter. This could have been done with the motor grader since 
there was enough loose gravel on top of the frozen material. Work of this kind , either by 
hand or machine, will do much to help the new road during the first year and to preserve 
it afterward. Winter neglect is one of the most common faults on both earth and gravel. roads. 
Frn. 28. SECTION A2, .APRIL, 1927 \ 
A breakup in the spring due to poor gravel on a mucky soil. This spot is just north of 
the mudhole shown in Figs. 19 and 21, which was covered with a i;ood gravel and suffered 
but little, as shown in the foreground of this view. 
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FIG. 29. SouTH HALF OF SECTION A6, APRIL, 1927, LooXING SouTH 
The roiid at this point had been flooded frequently and made impassable for weeks at a time for many years previous to the work done on it as part of tbese investigations. It was regraded in the summer of 1925, and surfaced with about 4 inches of mixed local and screened gravel in July and August, 1926. This view late in April shows it at its worst. It had been passable every day throughout the winter. It is evident, however, that more gravel is needed. A location such as this should have at least 8 inches of gravel. 
Fw. 30. NoRTH RALF OF SECTION A6, APRIL, 1927 
Looking in the opposite direction from the same point as in Fig. 29. The soil was prac-tically the same but it was surfaced at the same time as the south half with 4 inches of local gravel covered with two inches of pea gravel. This was its normal condition all winter. Two rounds of the motor grader put it into excellent shape, but it would be more secure with another inch or so of gravel. 
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been spread and apparently n~ maintenance work had been done. 
The road was approaching the winter with the surface in fair condi-
tion except in Sections Al, A2, and A6, where additional. gravel was 
needed. It had been expected to supply gravel to these sections but the 
cessation of work prevented this. The ditches needed a little attention. 
45. Mile C, October, 1927.-The same general conditions existed 
on Mile C. The lack of maintenance work was evident~ 
46. Mile A, April, 1928.-This mile sh.owed decided evidence of 
having been practically neglected for the year. Owing to a rather 
dry winter and spring, free from continued heavy rains, there had. been 
little overflow in Sections Al and A2, but in several places in thes'e 
sections the traffic had cut through the gravel where the loqal gravel 
only, or"local gravel with a light topping of screened gravel, had been 
used. The .nature of these holes indicated that they would have been 
largely prevented by mqderate maintenance work during the fall,. 
winter, and early spring. , · 
Sections A3, A4, A5, A7, and AS were in fair condition, but would 
have been in good condition had they received proper maintenance. 
Section A6 on the whole was rather poor. It was anticipated that . 
trouble would develop here sooner or later unless more gravel were 
added, because the original surfacing was thin, some of it made only 
of local gravel, the soil "\Vas mucky, ~nd the drainage conditions were 
favorable for complete saturation and slow drying. Deep ruts had 
formed ,which could have been largely prevented by proper mainte-
nance, but it was evident that both more gravel and better drainage 
were needed~ 
The ditches had silted up in many places, especially along the 
west side of Section A6. The drainage ditch was showing some silting 
and all the culverts ne"eded a little attention. The water had over-
flowed· the farm entrance at Station 43 + 20, and eroded the east 
shoulder, but apparently had not crossed the road and damaged the 
gravel. · 
47. Mile C, April, 1928 . ..:._The effect of lack of maintenance was 
· evident, although some work was under way .. when the road was ex-
amined (April 20). It was also evident that the repairs to ~ulverts, 
etc., and relief ditches, previously mentioned were badly needed. None 
of the gravel left in. piles had been added and several of. the sections 
needed it. 
Ruts had been cut in Section Cl which would have been largely 
prevented by winter maintenance work .• Additional gravel was needed 
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FIG. 31. SECTION A6, APRIL, 1927 
West ditch near Sta. 37 showing silting of channel after heavy rains which clogged the inlets of the tile and ultimately caused flooding of the surface. Such ditches need frequent cleaning. 
FIG. 32. SECTION Cl, OCTOBER, 1925 
A soft and rutted spot due to poor gravel and poor condition of road. 
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Fm. 33. SAME SPOT AS SHOWN IN Fm. 32 AFTER TEN MINUTES' WoRK 
• WITH MOTOR GRADER 
This spot was built up from gravel adjacent to it and was kept in fair condition through-
out the winter by timely blading. The motor grader is especially adapted to such work 
because it can be backed up and run over the same spot several times without making a 
complete round trip over the road. This cannot be done with the big grader and tractor, 
and it is difficult to do with the patrol grader. 
Fm. 34. SECTION C4, JuNE, 1925 
Just after being scarified and reshaped with three trips of the heavy roller, scarifier and 
blade, and then rolled by three additional trips. 
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on this seCtiori on account .of the mucky soil. The surface of the rest 
of the road was in fair to good condition. 
. The parts of Sections C6 and C7 which had received the first appli-
cation of gravel (July, 1925) and only a small additional amount in 
1926 showed signs of ruts, and the' need of niore screened gravel due 
to an excess· of fine material in the existing surface was evident. Sec-
tions C3 and C4 were in the best condition as expected. 
At culvert I the water .had again crossed the road, washing .out a 
channel in the graveL This would have been prevented by a larger 
culvert at this point or by the relief ditch previously mentioned; 
·water had crossed the road at culvert K where a new culvert was 
also needed. 
The general indications were that if it had been possible to com~ 
plete the work proposed during the early summer of 1927, and then 
to give the road a little· maintenance at the proper time during the 
winter, the ro~d would have been in good condition in the spring 
of 1928. 
. ··; 
VIII. CORRUGATIONS ON GRAVEL ROADS 
48. Causes of Corrugations.-Although only a few ·corrugations 
developed in the experimental sections, the study of this phenomenon, 
combined with observations elsewhere, give the following indications: 
Corrugations are not likely to occur on secondary roads carrying less 
thari 200 vehicles per· day, except under very unusual conditions. 
They' appa.rently develop at places .in the road where the gravel lacks 
stability,. due to excess moisture, poor composition, d,eficiency of 
binder, or where unusual tractive or braking effort is required, and 
they appear to grow under the harmonic action of tires and springs. 
Sags in the grade line are especially susceptible to the formation of 
corrugations. 
· · 
Improper use of maintenance machines may start or aggravate 
corrugations .. The two most common faults are (1) failure to keep 
bolts well tightened, and (2) trying to make too heavy a cut for the 
weight and speed of the machine. Both result in chattering, and this 
causes' the formation of slight corrugations, which may then be en-
larged by traffic. This action seemed quite certain on one occas10n 
on Section Cl. 
. 49. Removal of Corrugations.-Corrugations can. be removed by 
scarifying and blading, but they inay reappear while the gravel is 
reconsolidating or later. Probably the only cure for corrugations is 
-to improve the stability of the gravel. Improved surface and sub-
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Fw. 35. SECTION 06, MAY, 1925, BEFORE WORK WAB STARTED 
Note the way the gravel was cut up when wet, due to too much 
sand and insufficient binder. When dry this section was ground up into 
dust in a short time. The first surfacing was done on this section in 
June, 1925 opposite the large tree, using some pea gravel and some coarse 
gravel. Note the condition of the ditches, which was typical of the 
entire road when the work was started. 
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drainage should be the first step followed by the application of pea 
gravel or similar material which will take up the excess of fine ma-
terial and binder, and thus increase the actual stability of the material. 
The corrugations noted on the experimental road were easily removed 
by scarifying, and they did not reappear after pea gravel was applied, 
thus verifying the preceding conclusions. 
IX. COSTS OF GRAVEL RoADS 
50. Cost of Construction.-Costs derived from experiments may be 
misleading when applied to work done under ordinary conditions. On 
the experimental roads the runs were short and the work was inter-
mittent, both of which factors tend to increase the cost. In addition, 
operations were often modified or repeated to secure information c_on-
cerning the effect of such a change or the benefit of repeating the 
operation, and naturally this increased the cost. The exact cost of the 
work done on the experimental road is therefore not a safe criterion 
of costs in general. Certain derived costs, however, may be accepted 
as indicative and to point out where savings can be made. 
Circular No. 10 of the Engineering Experiment Station of the 
University of Illinois gives the cost of grading an earth road and pre-
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FIG. 36. SECTION C7, DECEMBER, 1925 
The gravel was similar in character to that shown in Fig. 35. 
paring it for oiling as about $150 per mile exclusive of repairs to 
culverts, tile, etc. Work on Mile C substantiates this cost, based on 
common labor at 40 cents per hour. The grading work on Mile A 
cost much more than this, due to the clearing and deepening of the 
drainage ditch, the reduction of the grade and the filling of eroded 
places. The grading work on this mile cost approximately $500. 
Loading and hauling the gravel to the road was the most expensive 
item of labor, and showed the widest range in cost. By using the 
county 1 ~-yard trucks, with labor at 40 cents per hour, the cost of 
unloading screened gravel from cars by hand, hauling it two miles, 
and dumping it was approximately 62 cents per load, or about 50 cents 
per cu. yd. Bank-run gravel hauled the same distance and loaded by 
power cost only about 30 cents per cu. yd. A change in length of 
haulage did not change the cost appreciably, except where the change 
was enough to increase or decrease the number of loads hauled in 
a day. 
· 
The cost of distributing the gravel with the motor grader was 
approximately $50 per mile on this road :which required 1250 cu. yd. 
of loose gravel. This was exclusive of interest and depreciation on 
the machine. The cost would probably vary approximately with · a 
change in the amount of gravel. 
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FIG. 37. SECTION C7 AT JUNCTION WITH SECTION C6 
About 200 feet south of the view in Fig . . 36. Showing the effect of an application of 
about %, inch of pea gravel made the preceding June, combined with trimming the shoulders 
so that the water could get to the ditches. The original surface was similar to that in 
Figs. 35 and 36. This is some of the first surfacing work. 
The pit cost and freight charges on the gravel are important items 
in the cost of gravel roads. For example, the bank-run gravel could 
be obtained for about 25 cents per cu. yd. pit charge, while screened 
and washed gravel cost about 70 cents per ton or $1.05 per cu. yd. at 
the plant. The freight rate on screened material was 61 cents per ton 
or $1.02 per cu. yd. Thus the total cost. of screened gravel on the 
siding was about $2.07 per cu. yd. or about 8 times that of the local 
material. Pea gravel was· somewhat cheaper. 
From the foregoing it might be inferred that the local gravel would • 
be the most economical. This is not necessarily true as shown by the 
results on· the road. The local gravel, due to an excess of sand, lack 
of binder, and other causes, might form a road which would be difficult 
and expensive to maintain, or which would not support the traffic at 
all, whereas the more expensive and better graded material would 
form an excellent roadway easy to maintain and capable of carrying 
the loads, and .hence in the long run would be the cheaper. However, 
it is frequently possible to combine the two, thus securing a satis-
factory road and reducing the cost, as shown on the experimental road. 
As ai;i example, assume that a mile of road is to be made with a 
cross-section about like that on Mile A, using about 4 in. of local 
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Fla. 38. SECTION C4, APRIL, 1926 
Gravel was recrowned with blade grader. Note the check template. Ditches not completed. Compare with Fig. 34. 
gravel and 2 in. of screened gravel. This would require about 900 
cu. yd. of local gravel and 400 cu. yd. of screened gravel. Assuming 
further that both materials must be loaded by hand, and that the dis-
tance of haulage is about 2 miles, the cost would be about as follows: 
Regrading and preparing subgrade . . . .... .. . ........ .... . ... .. . ... . $150 900 cu. yd. of local gravel at 25 cents ........... .. . . ... ... .... . . .. . 225 Hauling 900 cu. yd. at 50 -cents .................... . .............. . 450 400 cu. yd. screened gravel at $1.05 ..... .. .... . ..... . ............. . 420 Freight on 400 cu. yd. at $1.02.. .. .. .. . . . . .. .. .. . .. .. .. .. .. .. .. .. . 408 Unloading and hauling 400 cu. yd. at 50 ce.nts ...................... 200 Spreading gravel and finishing surface.... . .. ...... ... ........... . . 50 
$1903 
If screened gravel only had been used the cost would have been 
3540, while with local gravel throughout the cost would have been 
only $975; but the latter road would not have been nearly so good 
as that made of the two gravels combined. 
51. Cost of Maintenance.-The cost of maintenance cannot be 
accurately estimated, since it depends on the kind of gravel , the 
amount and kind of traffic, the organization for the work, and the 
amount of work per season. 
Assuming the general characteristics of the experimental road, the 
motor grader can be operated for about 50 cents per mile. Two round 
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Flo. 39. SECTION C4, MAY, 1926 
Rebuilding the shoulders with material provided by reshaping the ditches, using the blade 
grader. No sod or dirt was taken onto the gravel, and the tractor was used to crush clods. Note 
the new ditch as shown on the left side. Compare this ditch with that shown in Fig. 35. 
trips are needed at each blading and a probable maximum of 25 blad-
ings per year would be needed on the gravel. This would make the 
cost of blading $50 per mile. Roughly one-fourth to one-third as much 
work would be required on shoulders and ditches, thus making the 
cost of caring for the roadway about $65 per year. 
At indefinite intervals there should be a partial regrading at a cost 
of perhaps $75 to $80 per mile. If this were required every four years 
the annual cost would be about $20. Also, at indefinite intervals, a 
surface dressing of about 1 inch of pea gravel should be made. As-
suming the conditions existing on the experimental road, probably 
once every fourth year would be the maximum limit. With• the prices 
given, about 250 cu. yd: costing about $640 would be required. This 
would mean an average of $160 per year. 
The. total cost to maintain the road indefinitely would thus be 
65 + 75 + 160 or $300 per year. If a satisfactory gravel could be 
creened at a local pit at a cost of about $1.00 per cu. yd. the cost 
could be reduced to about $235 per year, which shows that, after all, 
the cost of the gravel itself is only a fractional part of the total cost 
of the road. On outlying roads where traffic is less, and where less 
maintenance is required, these costs might be more than cut in two. 
Adequate maintenance is essential for providing a satisfactory 
gravel road. No scheme of improvement should neglect to provide 
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Fro. 40. SECTIONS C4 AND C5, APRIL, 1927 
Surface covered with l}4 inch of pea gravel in September, 1926 and dragged twice during the winter. Gravel piles in place for an additional application. 
funds and organization for maintenance. The failure to provide main-
tenance is the reason that rehabilitation is necessary. While it rnay 
be possible to rehabilitate at approximately the same total cost as 
continuous maintenance, the results are never the same. Continuous 
maintenance will assure a smooth, convenient, safe, and usable road 
at all times, a condition which cannot be attained by alternate neglect 
and care. The change in condition of both Mile A and Mile C be-
tween April, 1927 and April, 1928 is ample verification. of the fact 
that adequate and continuous maintenance is essential to all-year 
service of a gravel road. 
x. SUMMARY AND CONCLUSIO s 
52. Conclusions.-The following conclusions may be drawn: (1) Efficient drainage is absolutely essential to the stability of a 
gravel road. Prompt surface drainage is necessary at all points while 
subdrainage is required only at those places where ground water may 
cause trouble. Culverts must be of ample size, side ditches of suffi-
cient capacity, and the crown enough to shed the water quickly from 
the roadway without erosion of the surface or discomfort to traffic. 
Maintenance operations should keep the crown intact, prevent the 
formation of ruts and holes, keep the shoulders and ditches free from 
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FIG. 41. SECTION C4, APRIL, 1927 
A close-up showing the character of the surface made of pea gravel. The pea gravel 
forms a smooth , easy riding surface that is easy to travel and easy to maintain. This section 
needs a light blading to spread the loose gravel into the wheel tracks to prevent rutting. 
obstructions to the fl.ow of water, and assure that culverts are unob-
structed, so that the surface water will drain off quickly and com-
pletely. 
(2) For gravels of the type used on the experimental road the 
best crown appears tO be that with an average cross slope of about 
% to Y:i inch per foot, with a maximum of about % inch per foot. 
More than this latter amount tends to develop erosion of the gravel. 
Shoulder slopes between the edge of the gravel and the ditch appear 
to work best about % to 1 inch per foot. 
(3) The rapid drying of the gravel is expedited by a smooth hard 
subgrade and a favorable gradation of the gravel. An excess of both 
fine material and binder in the gravel should . be avoided, while the 
mean effective diameter of the contained sand should be not less than 
0.005 inch. 
(4) The best gravel for the surface of a road where clay is the 
binder should have a composition similar to that shown in Fig. 4, 
curve D. The same gradation may be suitable for other kinds of 
binder, but the amount of binder required may be different. 
(5) The composition of existing gravel roads varies over a very 
wide range. The analyses of the materials from the experimental 
roads show that in general such gravels contain a large amount of 
fine material and that the gradation and other characteristics of the 
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Frn. 42. SECTION C7, l.ooK1No SouTH, AParL, 1927 
. A bad mudhole existed up to 1925 at culvert K located just beyond the second telephone pole. The maintenance during the fall and winter of 1925-26 kept the road passable, but the spot was pretty bad at times due to flooding of the road. The ditches were regraded in 1926, the culvert was cleared out and the surface covered with about 5 inches of pea gravel. No evidence of breakup appeared during the winter and spring of 1926-27 although the 
road was flooded once or twice and some of the gravel had been washed off. 
gravel after several years of service may be decidedly different from 
what they were when the gravel was placed. In general, the amount 
of fine material and binder tends to increase considerably. 
(6) The most effective amount of clay binder appears to be from 
12 to 15 per cent by weight. Gravel with less .than 8 per cent does 
not compact well, while 20 per cent or more causes the surface to 
become soft and muddy when wet or unduly dusty when dry. Since 
the effect of traffic is to increase the amount of binder in the gravel 
the amount present in new material should be somewhat less than 
that considered desirable. It is suggested that specifications should 
provide that the gravel shall contain not less than 6 nor more than 
12 per cent by weight of clay or other suitable binder. 
(7) Many bank-run gravels form very good moderate traffic roads. 
A great many bank-run gravels carry an excess of fine material but, 
as demonstrated on the experimental road, can be greatly improved 
by selection in the pit, by screening out part of the sand, or by adding 
clean screened gravel to make up the deficiency in coarse material. 
In many cases the lower 4 to 6 inches could be made of local bank-
run materials and the road then topped with 2 inches of selected or 
screened materials with greatly improved results, and at a considerable 
. 
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saving over the cost when screened gravel is used for the entire· depth. 
Pebbles larger than about 2 inches in size should not be permitted 
within about 3 inches of the surface, as they are likely to work through 
to the top. 
(8) Pea gravel appears to be the most suitable material for surface 
dressings, especially during rehabilitation and maintenance. It unites 
well with existing materials or bank-run gravels, compensates for an 
excess of fine material and binder, is easily placed and worked with 
the blade or drag, and makes a smooth surface pleasing to traffic. 
(9) The feather-edge type of construction is well adapted to the 
gravel road for moderate traffic. Somewhat more material is required 
than with the trench type, but this is more than compensated for by 
greater ease in preparing the subgrade, in placing and compacting the 
gravel and in maintaining the surface. With feather-edge construction 
the overall width should be a minimum of 15 to 16 feet which permits 
fairly convenient passing in wet weather. Such a road requires about 
200 cu. yd. of loose gravel per mile per inch of compacted center 
thickness. If the traffic consists of ordinary farm haulage with only 
occasional heavy trucks a compacted thickness of 6 inches is sufficient 
on most soils if the maintenance is reasonably good. 
(10) The best method of placing the gravel in feather-edge con-
struction is by means of the blade grader or the motor grader from 
piles along the edge of the graveled way. The first layer should not 
exceed 4 inches of loose material, while subsequent applications should 
not exceed 11/:i to 2 inches. Ample time should be allowed between 
applications for the material to compact. This action can be hastened 
by keeping the ruts filled and the surface smooth by means of the 
blade or drag. Rolling is not very effective. 
(11) The motor grader proved to be vastly superior to either the 
ordinary blade grader or the drag, and is preeminently the implement 
for maintenance work on the gravel surface, for spreading gravel 
during construction and rehabilitation, and for shaping shoulders. It 
was, however, not suited to ditch grading. The light type as used on 
this work is very effective and its moderate cost makes it available 
for the smaller road units where only a moderate amount of work is 
done each season. For the larger units or more intensive work the 
larger model of greater weight and power is doubtless preferable. The 
scarifier attached to the motor grader is sufficiently strong and ade-
quate for gravel roads. 
(12) The motor grader should cut in low gear. Although it will 
cut at higher speeds the operator does not have time to control the 
56 ILLINOIS ENGINEERING EXPERIMENT STATION 
machine properly and the result is almost invariably rough and irreg-
ular work. Earth shoulders should be cut when the soil is moist but 
not soft; but the best work on the gravel is done when the road is 
quite wet. 
(13) A heavy roller equipped with scarifier and blade, of the type 
used on this work, is an excellent machine for the rehabilitation and 
regrading of gravel and probably also of macadam. Since the blade 
could be adjusted to the road surface independently of the scarifier 
it was possible to move the loosened material so as to form a new 
cross slope and at the same time scarify the old surface to a uniform 
depth. This greatly expedited the work. The horizontal plate at-
tached to the blade reduced the chattering of the blade and gave a 
smoother surface. Owing to its high initial cost and expense of opera-
tion such a machine would prove economical only for the larger road 
units where the volume of work to be done would keep the machine 
busy many days of the year. 
(14) A light roller equipped with blade and scarifier of the type 
used on this work has many uses. It can be used to compact both 
earth and gravel in thin layers, and the scarifier is sufficient for gravel 
work and often useful in hard earth. The blade, however, did not prove 
satisfactory for this work. It was mounted in front of the rollers and 
consequently amplified the variations or irregularities in the profile. 
At the same time it was so far in front of the center of gravity of the 
machine that the side thrust of cutting tended to turn the machine 
laterally. This made it hard to guide the machine and consequently 
limited the cut the blade could make. If the blade had been suspended 
between the rollers the results would have been better. 
These investigations demonstrate that it is entirely feasible to build 
and maintain a plain gravel road at moderate cost that will render 
satisfactory service to moderate traffic throughout the year if materials 
are available near at hand. If materials must be shipped in the 
freight charges will add greatly to the cost. No unusual or expensive 
machinery is necessary. The loading and hauling of the gravel is the 
most costly operation. 
It is also demonstrated that a neglected gravel road can be readily 
rehabilitated and put into excellent condition at a very moderate cost. 
The grading work can normally be done at from 50 to 150 dollars per 
mile. To this must be added the cost of such new materials as may 
be found necessary. 
The results obtained from maintenance operations during the 
winter and while the general spring thaw was taking place were highly 
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significant. If advantage is taken of partial thaws throughout the 
winter to fill ruts and holes and smooth the surface, and if extra care 
in this direction is taken at the time of final thaw, the road will be 
serviceable at all times, will not get into very bad condition at any 
time, and much of the usual midsummer regrading work will not be 
necessary. 
THE UNIVERSITY OF ILLINOIS 
THE STATE UNIVERSITY 
Urbana 
DAVID KINLEY, Ph.D., LL.D., President 
THE UNIVERSITY INCLUDES THE FOLLOWING DEPARTMENTS: 
The Graduate School 
The College of Liberal Arts and Sciences (CuITicula: General with majors in 
the Humanities and the Sciences; Chemistry and Chemical Engineering; 
Pre-legal, Pre-medical, and Pre-dental; Pre-journalism, Home E1lonomics, 
Economic Entomology, and Applied Optics) 
The College of Commerce and Business Administration (Curricula: General 
Business, Banking and Finance, Insurance, Accountancy, Railway Adminis-
tration, Railway Transportation, Industrial Administration, Foreign Com-
merce, Commercial Teachers, Trade and Civic Secretarial Servfoe, Public 
Utilities, Commerce and Law) 
The College of Engineering (Curricula: Architecture, Ceramics; Architectural, 
Ceramic, Civil, Electrical, Gas, General, Mechanical, Mining, and Railway 
Engineering; Engineering Pliysics) 
The College of Agriculture (Curricula: General Agriculture; Floriculture; Home 
Economics; Landscape Architecture; Smith-Hughe&--in conjunction with the 
College of Education) 
The College of Education (Curricula: Two year, prescribing junior standing for 
admission - General Education, Smith-Hughes Agriculture, Smith-Hughes 
Home Economics, Public School Music; Four year, admitting from the high 
school-Industrial Education, Athletic Coaching, Physical Education. The 
University High School is the practice school of the College of Education) 
The School of Music (four-year curriculum) 
The College of Law (three-year curriculum based on two years of college work. 
For requirements after January I, 1929, address the Registrar) 
The Library School (two-yef1r curriculum for college graduates) 
The School of Journalism (two-year cuITiculum based on two years of college 
work) 
The College of Medicine (in Chicago) 
The College of Dentistry (in Chicago) 
The School of Pharmacy (in Chicago) 
The Summer Session (eight weeks) 
Experiment Stations and Scientific Bureaus: U. S. Agricultural Experiment 
Station; Engineering Experiment Station; State Natural History Survey; 
State Water Survey; State Geological Survey; Bureau of Educational 
Research. 
The Library collections contain (June 1, 1928) 760,000 volumes and 175,000 
pamphlets. 
For catalogs and information address 
THE REGISTRAR 
Urbana, Illinois 
